suggesting a heavy local infestation of the environment. The organism has not been found in the mines or in animals so far. REFERENCE Marks J & Richards M (1962) Mon. Bull. Minist. Hlth Lab. Serv. 21, 200 Dr A McDiarmid (ARC Institutefor Research on Animal Diseases, Compton, Berkshire)
Tuberculosis in Wild Birds
Tuberculosis in domestic poultry is rarely seen nowadays. This is chiefly because, for economic reasons, commercial poultry farmers kill their birds after the first or second laying season. Consequently, although in some instances the infection may be present, macroscopic lesions are rarely observed. On the other hand, the incidence of avian infection in cattle and pigs does not appear to have diminished correspondingly. There must be, therefore, a considerable reservoir of infection apart from domestic poultry. Because also of a possible increase in avian infections in man (Marks & Birn 1963) a study of the distribution of infection in the various wild species is increasingly important. In Britain the disease has been seen chiefly in wood-pigeons (McDiarmid 1948 (McDiarmid , 1954 , game birds, particularly pheasants and partridges, and in starlings; the host range is, however, wide and single cases in many other species have been described: for example, in birds frequenting fresh or salt water such as the blackheaded gull (Luke 1954) , shag and widgeon duck (Harrison 1955, personal communication) and in feral pigeons, such as those seen in Trafalgar Square (Doyle 1943, personal communication) . A higher incidence might perhaps be expected in predatory birds than in other species, but although cases have been described in owls and hawks and even in the golden eagle they are few and far between. The infection is, however, frequently encountered in the corvidce. I have seen several cases in rooks and jackdaws, and Harshfield et al. (1937) found several in crows; Mitchell & Duthie (1929 , 1950 , in Canada, also found crows affected. An interesting feature of these Canadian cases was the intermediate cultural and biological characters of the organisms.
On the somewhat scanty evidence available, it appears that with rare exceptions the strains are typical avian; they grow readily on glycerol egg and are usually pathogenic for domestic poultry and rabbits. Hignett & Mackenzie (1940) first drew attention to the high incidence (up to 4X8 %) of infection in starlings and showed that mycobacteria could be recovered from the excreta beneath the trees where the birds assembled to roost, an interesting point so far as public health is concerned when one remembers the vast concentration of starlings in central London. In Berkshire, cases of avian tuberculosis in pigs have been shown to be associated with the presence of large numbers of starlings and rooks at the feeding troughs (McDiarmid 1962) .
However, as already stated, the chief host for Myco. avium in British wild life is undoubtedly the wood-pigeon and the cultural and biological characters of strains isolated from wood-pigeons have been investigated. One of the most interesting features of the disease is the alteration in colour of the affected pigeons. The feathers, particularly the mantle, are much darker and have a matt finish. This change, which was first noted by the Hon. Miriam Rothschild, may well be analogous to Addison's disease resulting from infection of the adrenals, which is common in tuberculous pigeons. The incidence in woodpigeons varies from year to year; frequently 4 % of the birds shot will show lesions. There can be no doubt these birds provide a potent source of acid-fast organisms for other wild and domestic species. Usually extensive lesions are present in the intestinal tract and where surface water is scarce, as in downland areas, the pigeons congregate at the water troughs. Cattle must have plenty of opportunities to acquire infection from this source, quite apart from general contamination of the pasture, particularly where clover is present which attracts the pigeons. The general impression of this disease in pigeons is that a delicate host-parasite balance exists; birds with lesions of a very chronic nature are still quite capable of flight. It is very rare to find a pigeon which has died from this disease, as predators remove such birds rapidly, and all our cases, about 60 so far, have, with one exception, been in shot birds. From these it is sometimes possible to isolate typical avian organisms on the usual avian media, but despite the presence of masses of acidfast bacilli in the lesions, attempts at isolation frequently fail; Christiansen et al. (1946) , working in Denmark, had the same experience. However, by employing a medium designed for the cultivation of the Johne's bacillus slight growth may be obtained after two or three months at 37°C (McDiarmid 1962 ). This growth is invariably 'rough' in character and the culture on primary inoculation is incapable of killing chickens or rabbits. By passage, however, in a suitable host such as the domestic fowl, the organisms rapidly regain their smooth characteristics and become fully virulent. It is my opinion that so-called 'atypical' avian strains isolated from human cases, which lack pathogenicity for laboratory animals, might revert on passage to typical avian strains. In many ways these 'rough' strains bear a close similarity to the Johne's bacillus.
It is probable that tuberculosis is enzootic in the wood-pigeon population, passing from adult to squab by the characteristic feeding habits and waxing or waning according to the density of the population. The mortality produced by the disease in pigeons is probably not great but it must be remembered that the vast majority of birds dying from this disease are never found. From the public health aspect avian tuberculosis might arise in butchers from plucking and dressing infected birds and, although tuberculosis in domestic pigeons is considered to be rare, pigeon fanciers might also be exposed to the risk of infection especially as good breeding stock might be kept long enough for the disease to manifest itself in these birds.
This infection is a very good example of the interrelationship between disease in wild life, domestic animals and man and in my opinion again points to the need for far greater study of comparative epidemiology. Natural disease due to Mycobacterium johnei infection occurs in cattle, sheep and goats; the disease has also been recorded in other ruminants kept in zoological collections. The natural hosts thus belong to a rather restricted group and in this respect Myco. johnei is unlike Myco. tuberculosis.
Myco. johnei has rather exacting growth requirements; mycobactin or 'phlei factor' is a necessary addition to media, particularly for primary isolation. The bacillus multiplies very slowly and growth may not be visible before six weeks to six months.
In cattle the disease takes a chronic and invariably fatal course; young animals are most susceptible but clinical signs are rarely seen except in adult-hood. Surveys have shown that far more apparently healthy cattle harbour the organism than will ever develop the disease; this illustrates the comparative lack of aggressiveness of Myco. johnei. The main lesion is in the intestines where there is accumulation of epithelioid cells and giant cells, but no caseation or calcification in cattle; the bacilli are often present in large numbers. Arteriosclerosis associated with Johne's disease has been reported. Diagnosis of the disease in its clinical-stages is facilitated by ancillary laboratory procedures such as faeces examination and complement fixation test; but there is no reliable and effective test for detecting the disease in the preclinical stages. There is no known effective treatment. Various drugs and antibiotics have been used in cultural and other studies; streptomycin and isoniazid both had effects in culture but no drugs have been shown to affect the course of the clinical disease. Control of the disease is facilitated by attention to general hygiene and separation of calves from adult cattle; a vaccine has undergone extensive trials and may be adopted for use.
In sheep the disease can be caused by three different varieties of Myco. johnei, one being pigmented. The symptoms and pathology are in general similar to those in cattle; caseous and calcifying changes have, however, been reported in some cases.
It has recently been shown that experimental infections can be produced in laboratory animals, provided that they are observed long enough and, in some species, provided young, rather than adult, animals are inoculated. Mice, hamsters, rabbits and voles are included in the experimental host range. Marked differences in susceptibility of different breeds of mice have been shown; C57 black mice are very susceptible, CBA brindle mice highly resistant, and white mice intermediate in susceptibility. Using the C57 black mice, 100% infection rates involving the intestines can be achieved; they can be infected using different routes of inoculation and give promise of use for testing vaccines and drugs, and for other experimental studies.
No cases of disease resembling Johne's disease have been recorded in man. It is suggested that one should consider the possibility of Myco. johnei being, on occasion, one of the mycobac-
